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Abstract	
	
Cloud	detection	and	cloud	type	classification	yields	basic	information	indispensable	for	meteorological	as	well	as	climate	studies.	Here	we	propose	the	use	of	Himawari‐8	data.	
This	satellite	has	been	employed	for	operational	use	since	July	2015,	providing	spectral	
data	over	16	channels	 in	visible	 (VIS),	 near‐infrared	 (NIR)	 and	 thermal	 infrared	 (TIR)	spectral	 regions.	Also,	high	 temporal	 resolution	 is	available	 for	both	 full	disk	(10	min)	and	Japanese	archipelago	(2.5	min).	First,	we	test	the	traditional	approach	of	the	split‐
window	algorithm	using	bands	15	and	16,	centered	at	12	and	13	m,	respectively,	 for	the	 determination	 of	 cloud	 density.	 The	 brightness	 temperature	 difference	 (BTD)	
between	 two	 bands	 are	 derived	 on	 the	 basis	 of	 the	 Planck	 formula.	 The	 resultant	
threshold	 temperatures	 are	250	and	270	K	 for	 the	discrimination	of	high,	middle	and	low‐level	clouds.	The	BTD	thresholds,	on	the	other	hand,	are	determined	to	be	5	and	11	K	for	distinguishing	very	thin,	thin	or	thick	clouds.	The	verification	of	cloud	classification	
results	will	also	be	discussed.			
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1. Introduction	
The	meteorological	 satellite	 Himawari	 8	 was	 launched	 by	 Japan	Meteorological	
Agency	(JMA)	in	October	2014	and	started	the	full	operation	in	July	2015.	As	compared	
with	its	predecessor,	MTSAT	(Himawari	7),	significant	improvements	have	been	made	in	
regard	 to	 the	 temporal	 resolution	 as	 well	 as	 the	 number	 of	 spectral	 bands.	 The	
acquisition	 frequency	of	Himawari‐8	 is	 2.5	min	 for	 Japan	 area	and	10	min	 for	 the	 full	
disk.	It	has	16	bands	in	the	visible	(VIS),	near	infrared	(NIR)	and	thermal	infrared	(TIR)	
spectral	 regions.	 Because	 of	 these	 advanced	 features,	 the	 satellite	 provides	 remote	
sensing	 capability	 in	 quite	 a	 wide	 perspective,	 in	 addition	 to	 its	 original	 purpose	 of	
meteorological	monitoring.		
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Based	 on	 their	 altitudes,	 clouds	 can	 roughly	 be	 classified	 into	 three	 classes,	
namely,	low‐level	(<2km),	middle‐level	(2‐6km)	and	high‐level	(>6km)	clouds.	Because	
of	 the	 lapse	 rate	 of	 troposphere	 (~6.5	 K/km),	 the	 difference	 in	 altitudes	 leads	 to	 the	
difference	in		the	blackbody	temperature	(Tb).	Thus,	a	value	of	Tb	can	be	assigned	to	each	
pixel	of	Himawari‐8	imagery,	depending	on	the	cloud	top	height	and	the	Planck	formula.		
In	terms	of	cloud	classification,	the	difference	in	Tb	between	the	thermal	infrared	
bands	 yields	 useful	 information.	 The	 split	 window	 algorithm	 (Inoue,	 1987,	 2002	 and	
2003;	Hamada	et	al.,	2004)	has	widely	been	used	to	discriminate	various	types	of	clouds.	
For	example,	 Inoue	proposed	the	use	of	the	two	dimensional	plot	of	 the	11	m	Tb	and	
the	brightness	 temperature	difference	 (BTD)	between	11	and	12	m	bands	 (hereafter	
BTD	11‐12)	to	classify	cirrus,	dense	cirrus,	cumulonimbus,	and	cumulus	clouds	over	the	
tropical	 ocean	 (Inoue,	 1987).	 Split	 window	 algorithm	 was	 particularly	 suitable	 for	
detecting	high‐level	cloud	type,	but	occasionally	misclassification	occurred	for	low‐	and	
middle‐level	cloud	types	(Inoue,	2003).	Also	a	multi‐spectral	technique	to	infer	the	cloud	
properties	using	BTD	8‐11	and	BTD	11‐12	was	proposed	to	separate	water	cloud	and	ice	
cloud	 (Strabala,	 1993).	 In	 the	 present	work,	we	 apply	 BTD	 15‐16	 (12	 and	 13	m)	 to	
detect	the	cloud	type	based	on	the	thickness	(density)	of	the	cloud.	To	help	the	correct	
interpretation,	 lapse	rate	 formula	 is	used	 to	calculate	 the	altitude	and	verify	 the	cloud	
type	using	Calipso	 data	 (NASA,	 2007).	 In	 this	 research,	 the	 9	 cloud	 types	 indicated	 in	
Figure	1	are	examined	from	the	analysis	of	Himawari	8	images	around	Japan.	
	
	
Figure	1.	The	split	window	algorithm.	
2. Method	
	
In	this	research,	we	use	the	geo‐corrected	full	disk	data	of	Himawari‐8	downloaded	from	
CEReS,	 Chiba	 University	 (ftp://hmwr829gr.cr.chiba‐u.ac.jp/gridded/FD/V20151105/).	
Here	we	use	the	data	cropped	only	in	Japan	area	(22.02‐47.74	N	and	120.11‐156.99	E).	
In	 the	 first	 step,	 radiance	 (I)	 is	 calculated	 for	 each	 pixel	 from	 the	 digital	 count,	 and	
subsequently	for	band	1	through	6,	albedo	(A)	is	calculated	by	multiplying	the	radiance	
with	the	transformation	coefficient	(c’)	(JMA,	2015):		
	
	 I		=		Gain	*	Count	+	Constant,			 A	=	c'	I	.	 	 	 	 	 (1)	
	
The	values	of	gain	and	constant	are	given	in	the	header	information	of	Himawari‐8	data.	
Comparing	 the	histograms	of	bands	1	–	6	 taken	midday,	we	decided	to	choose	band	1	
centered	 at	 0.46	 μm	 for	 the	 initial	 selection	 of	 cloudy	 pixels	 because	 of	 the	 best	
capability	 of	 distinguishing	 cloud	 and	 non‐cloud	 coverage	 (Fig.	 2).	 Here	 the	 resulting	
criterion	is	ܣ ൏ 0.28	for	cloud‐free	area	and	ܣ ൒ 0.28		for	cloudy	area.		
In	 the	 second	 step,	 we	 calculate	 the	 blackbody	 temperature,	 Tb,	 using	 infrared	
band	of	Himawari‐8	and	the	following	formula	(JMA,	2015):	
	
				ܶ ୠ ൌ 	 ܿ଴ 	൅ 	ܿଵܶୣ ൅	ܿଶܶୣ ଶ,				 	 	 	 	 	 	 (2)				
where																																																																							
	 	ܶୣ ൌ 	 ௛௖௞ఒ 	ቂln ቀ
ଶ௛௖మ
ఒఱூ ൅ 1ቁቃ
ିଵ.	 	 	 	 	 	 	 (3)	
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The	values	of	c0,	c1,	and	c2	are	given	in	the	header	information	of	Himawari‐8	data.	The	
threshold	 value	 was	 250	 K	 and	 270	 K	 to	 distinguish	 between	 low,	 middle,	 and	 high	
cloud.	This	threshold	was	chosen	after	many	trials	in	different	time	of	image	acquisition.	
	
		
Figure	2.	The	histogram	of	Himawari‐8	visible	bands.		
The	 approximate	 values	 of	 cloud	 altitudes	 are	 estimated	 using	 the	 equation	
(Wengang,	2010):		
݄ ൌ 	 ଵఋ 	ሺ ୗܶ െ 	 େܶ୘ሻ		(km).				 	 	 	 	 	 	 (4)	
Here	 δ	 is	 vertical	 lapse	 rate	 constant	 (6.5	 K/km)	 and	 TS	 is	 the	 surface	 temperature,	
which	was	estimated	at	the	nearest	land	without	cloud	cover.		
	
3. Results	and	Discussion	
	
Figure	3	shows	an	example	of	the	spatial	distribution	of	BTD.	Figures	3(a)	shows	
the	visible	 image	(band	1).	Equations	 (2)	and	(3)	are	used	 to	calculate	Tb	of	bands	15	
and	 16.	 The	 threshold	 values	 of	 BTD	 =	 5	 and	 11	 K	 have	 been	 determined	 from	 the	
analysis.	 In	Figure	3(b),	 the	blue,	 green	and	orange	 colors	denote	 thick,	 thin	and	very	
thin	cloud	(or	clear)	area,	 respectively.	Referring	 to	 the	 split	window	 table	 (Figure	1),	
the	blue	color	is	also	related	to	cloud	types	of	7,	8	or	9,	whereas	the	green	color	to	types	
of	 4,	 5	or	6,	 and	 the	orange	 color	 to	 types	1,	2	or	3.	 Figure	3(c)	 shows	 the	brightness	
temperature	histograms	of	band	15,	16	and	BTD	15‐16.	
	
	 	  	 (a)	 (b)	 (c)	
Figure	3.	The	BTD	15‐16	calculation	result	(a);	Visible	band	(b)	The	BTD	15−16;	(c)	Brightness	Temperature	
histogram	of	Band	15,	16	and	BTD	15‐16.	
To	verify	the	cloud	type,	the	altitude	of	the	cloud	each	class	was	checked	using	the	
Calipso	data.	Himawari‐8	images	taken	during	the	Calipso	overpass	were	chosen	for	this	
purpose.	 The	 resulting	 comparison	 is	 summarized	 in	 Table	 1.	 The	 list	 contains	 the	
altitude,	 time	 and	 date,	 position,	 and	 water	 or	 ice	 phase	 information.	 Here	 the	
Himawari‐8	result	has	been	conformed	to	the	four	classes	of	Calipso	data.	The	cloud	top	
altitudes	estimated	using	the	lapse	rate	are	in	reasonable	agreement	with	those	from	the	
Calipso	data.		
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Table	1.	Analysis	of	Himawari‐8	clouds	with	Calipso	Data	
	
Class	of	
cloud	
Date	Time	
(UTC)	
Position	
(lat	–	
Long)	
Cloud	
Altitude	
(Calipso)		
Cloud	
Type	
Albedo/Tb15/BTD15−16/	
Cloud	type	of	Himawari‐8		
Altitude	calculation	
using	lapse	rate	
High‐
level		
2016‐08‐29;	
04:20:0	
34.77‐
135.42	
7	km	 Water	
cloud	
0.762/245.99/4.851/7	
thick	cumulonimbus	
TS	=	289.05	
h	=	6.625	km	
Middle‐
level	
2016‐03‐17;	
04:0:0	
29.40‐
141.55	
3	km	 Water	
cloud	
0.581/262.43/6.584/5	
altostratus‐ice	cloud	
TS	=	290.81	
h	=	4.366	km	
Low‐
level		
2016‐09‐22;	
03:30:0	
37.47‐
147.14	
1.3	km	 Water	
cloud	
0.323/281.61/11.90/3	
cumulus	
TS	=	287.15	
h	=	0.853	km	
Non‐
cloud		
2016‐06‐26;	
04:20:0	
37.17‐
134.80	
‐	 ‐	 0.095/15.158/284.50/‐	 ‐	
	
4. Conclusion	
	
The	process	of	cloud	type	detection	has	been	described.	The	altitudes	of	cloud	top	
heights	 have	 been	 calculated	 correctly	 using	 lapse	 rate.	 The	 cloud	 types	 determined	
using	 the	 split	 window	 algorithm	 are	 found	 to	 be	 in	 reasonable	 agreement	 with	 the	
concurrent	 Calipso	 data,	 including	 the	 altitude	 and	 cloud	 phase	 information.	 The	
algorithm	 presented	 here	 enables	 the	 identification	 of	 high	 cumulonimbus,	 middle	
cumulonimbus,	 low	cumulonimbus,	 altocumulus,	 thick	cirrus,	 cirrus,	 thin	cirrus,	water	
clouds	and	ice	clouds,	with	the	sole	exception	of	very	thin	cirrus	clouds.	
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